Purpose Cataracts are the leading cause of visual impairment and blindness, and therefore early identification and modification of the risk factors for cataracts are meaningful. This study aimed to investigate the relationship between socioeconomic status (SES) and lifestyle factors, and age-related cataracts in South Korea. Methods This cross-sectional study was based on data collected in the 2008-2011 Korea National Health and Nutrition Examination Survey. A total of 15 866 subjects, aged ≥ 40 years, were included. SES was defined using household income and education level. Sociodemographic, lifestyle, and other associated factors were assessed by health interviews and examinations. Cataracts were diagnosed via slit-lamp examination using the Lens Opacities Classification System III. Results The prevalence of any cataract was 38.9% in men and 42.3% in women (Po0.001). In women, the risk of cataracts increased with decreases in household income (P-value for trend = 0.016 and 0.041 in any, and cortical cataract, respectively) and education level (P-value for trend = 0.009, 0.027, and 0.016 in any, nuclear, and cortical cataract, respectively) after adjusting for confounding factors. Current smoking was correlated with nuclear cataracts in men (OR 1.21; 95% CI: 1.00, 1.46 in age-adjusted analysis) and cataract surgery in women (OR 2.25; 95% CI: 1.00, 5.04 in multivariate-adjusted analysis). Conclusions Socioeconomic disparities in cataract prevalence were observed in women; current smoking increased the risk of nuclear cataracts in men and surgery in women.
Introduction
Cataracts are the leading causes of visual impairment and blindness worldwide, accounting for about half of 37 million blind people. 1, 2 Although the prevalence of blindness due to cataracts was found to vary by country, 490% of the total disability adjusted-life years have been reported owing to cataracts, especially in developing countries. 3 Visual impairment causes a wide spectrum of difficulties in patients' daily living activities, social interactions, and cognitive performance. Furthermore, visual impairment is found to be positively correlated with a risk of falls, and is an independent risk factor of mortality. All of these difficulties contribute to an extensive economic burden to the society. [4] [5] [6] Therefore, early identification and modification of the risk factors for cataracts are meaningful from a public health perspective. A growing body of research has been conducted to investigate risk factors associated with the development and progression of age-related cataracts. Several lifestyle and sociodemographic characteristics, as well as medical conditions such as diabetes, have been reported to affect the risk of cataracts. However, these studies have been performed mainly in Western countries including the United States, European nations, and Australia. [7] [8] [9] Although there has been recent data from China and Southeast Asia, including India and Singapore, [10] [11] [12] the data of population-based trends from other Asian countries, including the East Asian countries, have not been fully reported.
Thus, we aimed to investigate the relationship between socioeconomic and lifestyle factors, and cataracts among the South Korean population, based on nationally representative data.
Materials and methods

Survey overview and study participants
We analyzed the data from the 2008-2011 Korea National Health and Nutrition Examination Survey (KNHANES) conducted by the Korea Centers for Disease Control and Prevention (KCDC). The KNHANES is a nationwide cross-sectional survey, designed to accurately assess national health and nutrition levels, and consists of a health interview, a health examination, and nutritional assessment. A stratified, multistage, cluster sampling design was used for the selection of subjects for this survey, to represent all the non-institutionalized, civilian population in Korea.
Among the 16 014 participants aged ≥ 40 years, 148 were excluded owing to missing values. Data from 15 866 subjects (6833 men and 9033 women) were analyzed. All the study participants provided written informed consent, and the Institutional Review Board of the KCDC approved the study protocol.
Sociodemographic and lifestyle variables
All participants were asked about their lifestyle and sociodemographic characteristics via interviews by trained staff, or self-report questionnaires. Participants were divided into three groups based on average alcohol intake: non-drinker, light to moderate drinker (1-30 g per day), and heavy drinker (430 g per day). Participants were categorized as non-smoker, ex-smoker, and current smoker according to their answers on the self-report questionnaire. Participants who exercised moderately more than five times per week for over 30 min per session, or who engaged in vigorous exercise more than three times per week for over 20 min per session, were considered regular physical exercisers. Residential areas were categorized into urban and rural areas. Participants were also categorized by occupational status (employed in agriculture, forestry, and fishery, or other). In addition, questionnaires were used to assess whether subjects' average exposure to sunlight or ultraviolet light was o or 45 h per day.
Socioeconomic variables
Socioeconomic status (SES) was assessed using household income and education level. Subjects were categorized into quartiles of monthly household income levels: lowest, medium-low, medium-high, and highest. Education level was classified into four groups: less than elementary school, middle school, high school, and more than college level.
Various associated factors
Height and body weight were measured, and then body mass index (BMI) was calculated using the formula: body weight (kg)/height 2 (m 2 ). Waist circumference (WC) was measured at the midpoint between the lower border of the rib cage and the iliac crest. Systolic and diastolic blood pressures were measured using a standard sphygmomanometer. Blood samples were taken after at least 8 h of fasting, transported to the Central Testing Institute in Seoul, South Korea. Fasting plasma glucose (FPG) level was measured with a Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan) by enzymatic methods. The presence of hypertension was defined by blood pressure ≥ 140/90 mm Hg or by the current use of antihypertensive medication. Diabetes was defined by FPG levels ≥ 126 mg/dl, treatment with insulin or oral agents, or diagnosis by a physician.
Assessment of cataracts
Subjects underwent a comprehensive eye slit-lamp examination (Haag-Streit model BQ-900; Haag-Streit, Koeniz, Switzerland) by ophthalmologists (second-or third-year resident physicians). Lens Opacities Classification System III (LOCS III) photographic images were used as the reference for grading. 13 Grading was based on objective measures of color, density, and area, and each lens was assigned an integer grade with values ranging from 0 to 6 (0-7 in the case of nuclear opalescence), and the grading nomenclature of nuclear color, nuclear opalescence, cortical cataract, and posterior subcapsular cataract (PSC) was adopted. Nuclear cataracts were defined by an LOCS III score of ≥ 2 for nuclear opalescence or ≥ 2 for nuclear color. Cortical cataracts and PSC were defined as an LOCS III score of ≥ 2 and of ≥ 1, respectively. Any cataract was defined as the presence of a nuclear (nuclear opalescence and nuclear color), cortical cataract, or PSC, as well as pseudophakia or aphakia (prior cataract surgery) in at least one eye. Survey participants were classified as having a specific cataract subtype if it was found in either eye; if the subjects showed different cataract subtypes in each eye, they were categorized as cases in the analyses of each subtype.
Statistical analyses
Statistical analyses were performed using SAS version 9.2 for windows (SAS Institute, Cary, NC, USA). A Student's t-test or χ 2 test was carried out to evaluate the differences in baseline characteristics. The χ 2 test was applied to examine the distribution of any cataract, specific cataracts, or surgery according to socioeconomic and lifestyle factors for men and women separately. Interactions of education level and household income for gender were tested before analyses using a logistic regression model. The association of socioeconomic or lifestyle factors with risk of cataracts was assessed by age-and multivariateadjusted logistic regression analyses. The odds ratios (ORs) and 95% confidence intervals (CIs) were estimated after adjusting for the variables including age, household income, education level, alcohol consumption, smoking status, physical activity, BMI, diabetes, hypertension, history of cardiovascular disease or stroke, hormone replacement therapy (women), occupation, residential area, and sun exposure duration. All estimates were weighted to allow for oversampling, non-response, and the Korean population in 2008-2011, taking the complex design of the survey into consideration. A two-sided Po0.05 was regarded as statistically significant. Table 1 presents the baseline for subjects according to gender and cataract status. The mean age, the proportion of chronic diseases, residence in rural area, outdoor occupations, and sun exposure duration over 5 h were higher in subjects with cataracts than those without cataracts, in both genders.
Results
The distribution of cataract prevalence according to socioeconomic and lifestyle subgroups is shown in Table 2 . The prevalences of any, nuclear, cortical cataract, PSC, and cataract surgery were 38.9%, 25.6%, 12.4%, 0.6%, and 9.3% in men and 42.3%, 27.5%, 12.2%, 0.8%, and 12.9% in women, respectively. The proportions of all types of cataracts decreased with higher SES in both genders. The prevalences of all types of cataracts decreased with increases in the level of alcohol consumption in both genders except for PSC in men. Compared with current smokers, the prevalences of all types of cataracts was higher in non-or ex-smokers in men; in contrast, the proportions of surgery was higher in current smokers in women (P = 0.012). As for physical activity, the prevalence of any, nuclear cataracts, and surgery were significantly higher in those who did not exercise regularly, compared with those who exercised regularly, in both genders. There were differences of education level (Po0.001) and household income (Po0.001) for genders; therefore, the data were analyzed separately according to gender. Table 3 shows the risk factors of cataracts according to socioeconomic and lifestyle factors in men and women after adjusting for confounding variables. In men, the risk of nuclear cataracts significantly increased in current smokers, compared with non-smokers or ex-smokers, only in age-adjusted analysis (OR 1.21; 95% CI: 1.00, 1.46). In women, the risk of any, nuclear, and cortical cataracts increased as household income level decreased, in ageadjusted analyses. These trends persisted with any and cortical cataracts after adjusting for all confounders (Pvalue for trend = 0.016 and 0.041 in any and cortical cataract, respectively). The ORs of any, nuclear, cortical cataracts, and surgery increased steadily as education level decreased in age-adjusted analyses. In multivariateadjusted analyses, these negative associations remained significant only with any, nuclear, and cortical cataracts (P-value for trend = 0.009, 0.027, and 0.016, respectively). The OR of surgery increased in current smokers in women in multivariate-adjusted analyses (OR 2.25; 95% CI: 1.00, 5.04). The overall risk of cataracts in women did not differ significantly according to lifestyle factors such as alcohol consumption, smoking status, and physical activity.
Discussion
Low SES was associated with high prevalence of any, nuclear, and cortical cataracts in women, whereas the association between SES and cataracts was not observed in men. Moreover, the risk for cataracts showed an increasing trend with decreasing SES levels in women. Current smoking increased the risk of nuclear cataracts in men and surgery in women.
Worldwide, increasing evidence has reported that low SES is associated with both the prevalence and progression of cataracts. In the United States and Europe, higher education levels were associated with a decreased risk of cataracts in a prospective cohort study. 8, 14 Income or education levels were inversely related to the 10-year cumulative incidence of nuclear cataracts in the Beaver Dam Eye Study. 7 Similar trends were also observed in studies performed in Asian countries such as Singapore, 11, 15 India, 12 China, 10 and Bangladesh. 16 The reason for the association between low SES and the prevalence of cataracts is yet to be elucidated, although several possible explanations have been suggested. People with low SES may not be able to afford to have cataract surgery, and this could lead to higher prevalence of cataracts. However, in accordance with a previous report, 10 no association between SES and surgery was observed in the present study (Table 3) , which suggests that this explanation is unconvincing, and is not consistent with the results of the study.
Low SES may influence a diversity of lifestyle factors, including smoking, drinking, physical activity, and diet quality, as well as environmental exposure to sunlight and indoor cooking smoke, in comparison with higher SES. Differences in the distribution of outdoor occupations and residential areas may also be affected by SES levels. We, therefore, have considered smoking, drinking, physical activity, sunlight exposure, outdoor occupation, and residential area as variables confounding the relationship between SES and cataracts in a multivariate model; however, the association remains significant in women. The intake of antioxidant nutrients, such as β-carotene, lutein, vitamin A, C, and E, has been revealed as a protective factor against the development of age-related cataracts in several reports. 17, 18 We further analyzed the nutritional intake of study subjects according to the SES, and found that the intakes of carotene, vitamin A, and C were higher with increasing SES level in women (see Supplementary Tables 1 and 2 ). Diet of women with low SES in this survey contained less antioxidant nutrients than those with high SES, and may lead to a higher prevalence of all types of cataracts in this group.
The prevalence of cataracts was higher in women (42.3%) than in men (38.9%), which is in line with previous studies, 11, 12, 19 and could be explained by the difference in environmental exposure, and the results of hormonal changes associated with menopause. 20 Moreover, we found that the association between low SES and the high proportion of cataracts was observed only in women. Exposure to indoor cooking smoke, which is mainly from cheap solid fuels such as wood, coal, and animal dung, increases the risk for cataracts by inducing oxidative stress on the eye. 21 Women with lower SES may use, or have used, such material more frequently in cooking than those with higher SES, especially the elderly, who have experienced colonization by Japan , the Korean War (1950) (1951) (1952) (1953) , and post-war reconstruction (1954) (1955) (1956) (1957) (1958) (1959) (1960) (1961) (1962) (1963) (1964) . However, we did not examine the information about current and/or past fuel and stove use. Several studies from Western countries, 7,9,14,19,2 as well as Asian countries, [10] [11] [12] 15 have demonstrated the positive relationship between cigarette smoking and the prevalence and/or progression of cataracts. Moreover, a dose-response relationship has been demonstrated between smoking and the prevalence of cataracts. 11, 12 Smoking could affect the lens and retina by promoting atherosclerosis of ocular capillaries and oxidative stress by reactive oxygen species generation. 23 We initially found that the crude prevalence of cataracts was higher in non-or ex-smokers than in current smokers in men (Table 2) ; however, after adjusting for age, current male smokers had an increased risk for nuclear cataracts (Table 3) , which suggests a strong effect of age on cataracts. We also found that current smoking increased the risk for surgery in women. These findings support the notion that efforts to reduce the smoking rate should be carried out by public health authorities.
Alcohol consumption was not related to cataracts after adjusting for age in this study. The association between cataracts and alcohol consumption has been investigated in cross-sectional, case-control, and longitudinal studies with inconsistent results. 7, 21, 22 A study in Australia has shown that alcohol consumption was positively associated with nuclear cataracts, whereas an inverse relationship was observed between alcohol intake and cortical cataracts. 22 However, no significant trend was found between alcohol intake and the incidence of all types of cataracts in the other papers. 7, 11, 24 .2) 23.7 (1.2) 11.5 (0.9) 0.7 (0.2) 8.2 (0.6) 32.8 (1.1) 21.8 (1.2) 8.8 (0.7) 0.6 (0.2) 
Table 3
Odds ratios (95% confidence intervals) of any cataract and specific cataract subtypes for socioeconomic and lifestyle factors There has been a dearth of investigations regarding the relationship between physical activity and the risk of cataracts. A 7-year follow-up study has revealed that the risk of self-reported cataracts decreased with lower BMI, higher physical activity, and greater cardiorespiratory fitness in men. 25 However, we could not find a relationship between physical activity and the risk of cataracts, which will need confirmation in future research.
The present study has several limitations. The crosssectional design of our study could not deduce causal relationships between socioeconomic and lifestyle factors and cataracts. We could not consider subjects' medication use, including glucocorticoids, nonsteroidal antiinflammatory drugs, thyroid hormone, and multivitamins, as well as exposure to indoor cooking smoke, and refractory error; all factors might affect the occurrence of cataracts. All of the cataracts diagnosed in this study may not be visually disabling and may not need any surgical intervention. Moreover, the diagnosis of cataracts might differ by the artifact of the photographic image or inter-or intraexaminer reliability of measurements. However, this is the first epidemiologic study focusing on the relationship between socioeconomic and lifestyle factors, and the risk of cataracts in Korea, using nationally representative data.
In conclusion, SES showed a significantly inverse association with the risk of cataracts in Korean women. Moreover, current smoking was correlated with nuclear cataracts in men and surgery in women. Gender-specific public health interventions, considering SES and current smoking status, are needed for the prevention and treatment of cataracts, and to ultimately prevent visual impairment.
Summary
What was known before K Low SES has been reported to be associated with both the prevalence and progression of cataracts worldwide.
K The positive relationship between cigarette smoking and the prevalence and/or progression of cataracts has been demonstrated.
K The association between cataracts and alcohol consumption has been reported with inconsistent results and there has been a dearth of investigations regarding the relationship between physical activity and the risk of cataracts.
K The data of population-based trends from the East Asian countries has not been fully reported.
What this study adds K Socioeconomic disparities in cataract prevalence were observed in Korean women.
K The risk of cataracts increased with decreases in household income and education level in women.
K Current smoking was associated with increased the risk of nuclear cataracts in men and surgery in women. 
